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Abstract
According to the feature of expressway construction phase risk, an evaluation index system of expressway engineering 
construction phase risk was proposed. The BP artificial neural network model can be effectively used in engineering risk 
evaluation was built. The BP artificial neural network evaluation of the basic principles and process of engineering risk 
evaluation model, including the establishment of neural networks, learning and training, test results and case analysis, was 
explained.
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1. Introduction
Expressway construction is a complex engineering system. It contains many complex and tedious activities, and 
achieving goals inevitably subject to risk factors. If not attention, these risk factors will likely result in the 
engineering risk of loss.
All along, a lot of research on aspects of quantitative risk assessment was done by scholars. For example, 
Expert survey method used to assess and analysis the Beijing-Fuzhou expressway construction in China by Yang
Zhong[1]; risk assessment of working conditions used to assess the site hazard of expressway construction on the 
area of mountain region by Wang Kaifeng[2]. There is no literature apply BP artificial neural network method for 
the construction phase of expressway construction. Compared to the AHP, the evaluation based on 
BP artificial neural network is a combination of qualitative and quantitative methods which is closer to human 
thinking [3]. As formed by a large number of simple information units called neurons’ connecting, BP artificial 
neural network used to simulate the human brain structure and behavior. The evaluation of expressway construction
phase risk is very complex, and many risk factors influence each other, and there is a very complicated nonlinear 
relationship.The evaluation method based on BP artificial neural network not only has the artificial neural network 
adaptive, self-organization, can able to reflect the nonlinear relationship between the indicators, but also is good at 
make decision-making from the approximate, uncertain, even contradictory knowledge of the environment. 
Currently, BP artificial neural network is the most widely used neural network.
2. Constructing the risk index evaluation system
2.1. Risk factor analysis
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Risk factors, as are conditions or factors that can produce or increase the probability and the extent of the loss, is 
not only the potential causes of risk events, but also the external or direct causes of loss[4]. Expressway construction 
phase risk will be analysed based on risk factors, therefore, according to the sources of risk it can be divided into the 
owner’s risk, contractor’s risk, the third-party’s risk, social environment risk and natural environment risk.
 Owner’s risk
The ability, attitude and reputation of owners to performance of the contract can be showed via the financial and 
credit conditions. If some links of the financing channel blocked or bad management, and enough money cannot be 
raised, the owner will not make payment to the construction contractor, even deliberately bewilders contractor. The
behaviors influence the contractor’s capital turnover, the project plan, the days for construction and the project 
quality. Besides, for the expressway construction involves a wide range of complex relationship, inadequate 
coordination of the owners can also lead to schedule delays.
 Contractor's risk
The contractors are the most direct participants of the expressway construction stage, so its every move will 
cause the most direct impact to the project. A management behavior can be defined as contractors use a series of 
method to plan, organization, control and coordinate in all process to manage project. If contractors pay attention
only to project itself, like as pursuit of progress, cost and benefit, but ignored the establishment of organizational 
culture of construction team[5], generally, a no cohesion construction team will lead to low efficiency of 
construction. In addition, some contractors didn’t pay enough attention to human resources management, which is 
result in some unnecessary time delay and property losses. That construction contractors carry out operational
activities directly is called operational behavior. As the limits of construction technology, construction of power and 
capital investment, and thus there exists a certain degree of business behavior risk in construction. For example, the 
investment of the construction equipment is improper, illegal operations to grab improper profits, and risk events 
and the environmental capital investment is not enough; all above will cause a certain schedule variance.
 The third-party’s risk
All participants except owners and contractors are called the third-party. A whole construction except main 
project can be subcontracted by contractors in the extent permitted by law, if it is approved by the owners or the 
supervising engineer. Coordination and organization within contractors and subcontractors not smooth may affect 
the overall situation. Moreover, mutual interference between all subcontractors must lead to a chain of reactions. 
The professional level and ethic of supervising engineers is not strong may result in the project completion not being 
expected. Some problems of the survey and design often come out when construction of the project is in formal, if it 
is found, only design changes. So it will also cause the delay of the time limit.
 Social environment risk
It is called social environment risk that the social environment that the project in exists every kind of social 
factors. It contains macro-control for construction and related industries by state, adjustment of tax policy, changes 
of material market price and local protectionism. All above make direct impact on the total cost of construction 
projects.
 Natural environment risk
The natural environment risk refers to that there are poor natural conditions in the district of expressway
construction project such as long-term frozen, long-term hot, long-term rainfall, typhoon, earthquake, flood, and 
mud-rock flow, which brought the potential threat to project benefits. The natural environment risk comes mainly
from force majeure such as abnormal weather, earthquake and flooding.
2.2 Establishing the evaluation index system
The comprehensive evaluation result of project is accurate and reliable or not, mainly depends on two aspects: 
one is the design of evaluation index system is scientific and reasonable or not; the other is the use of comprehensive 
evaluation method is science or not [6]. Thus it can be seen, constructing an accurate and effective index system play 
a crucial role in the project risk management process, which is the key of the expressway construction stage risk 
assessment.
The determination of the risk index system in expressway construction stage should follow the following 
principles: (1) Scientific; (2) system; (3) theory for practice; (4) operability [7]; (5) independence; (6) comparability. 
Defining each a specific index needs to solicit the opinions of the experts, refer related regulations, use a series of 
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analysis method to clear up and comprehensive, and finally, construct a basic framework of the risk evaluation index 
system in expressway construction stage, as shown in tab.1.
Table 1 evaluation index system of expressway construction phase risk U
indexes sub-indexes
Owner’s risk U1
Owner’s financial and credit risk U11
Owner’s coordinated risk U12
Contractor's risk U2
The contractor’s technology risk U21
The contractor’s management risk U22
The contractor’s moral risk U23
Third-party’s risk U3
Subcontractor's risk U31
Supervisor’s risk U32
The survey and design risk U33
Social environment risk U4
National macro-control risk U41
Tax policy risk U42
Material price risk U43
The regional protectionism risk U44
Natural environment risk U5
Abnormal weather risk U51
Force majeure risk U52
3. Model establish
3.1 Mechanism analysis
Three layers of BP network Topology structure，as shown in figure 1
Fig. 1. Three layers of BP network Topology structure chart
As the sample P evaluation vector , px denoted by { }pnppp xxxx ,...,, 21= ; ),...,2,1;,...,2,1( mknjwjk == is the 
connection weights of the j nodes of the input layer to the k nodes of the implied layer; ),...,2,1( mkypk = is the 
hidden layer of sample P of the k nodes of the output layer; ),...,2,1( mkwk = is the connection weights of the k 
nodes of the output layer to input layer; pb is the output layer of sample P.
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Using unipolar Sigmoid function describes the non-linear relationship between output layer and input layer of 
each neuron’s. Namely:
(1)
The output of hidden layer of sample P determined by the formula, in the formula, kθ as the bias value of the k 
nodes of output layer;
(2)
The output of output layer of sample P determined by the formula, in the formula, θ as the bias value of the 
output nodes of output layer;
(3)
Total error is given by
(4)
pb is the desired output of sample p , pb' is the actual output of sample p .
BP neural network learning process is through the error back propagation to continuously adjust the weights, and 
ultimately minimize the error to the process. The entire network learning process is divided into two stages; the first 
stage is from the bottom of the network calculated from the bottom up. If the network structure and weights have 
been set, entering the known learning samples. According to the formula, calculation the output neurons of each 
layers .The second stage is modified the weight and bias values. This is modified from the top down, from the 
known error changes of the highest level, adjust the weights attached to the top, and then modify the weight and bias 
values of each layers, iterative two processes, until convergence. There are many ways of weight changes; a simple 
and common method is gradient descent. 
3.2 Using MATLAB building a model 
Matlab , as a powerful mathematical tool, is extremely wide range of applications and it have a dedicated neural 
network toolbox. Facing the practical problems of the project, directly calling the toolbox can be more quickly to 
solve the problem.
 Input layer
Akintoye and Machleod think [8] that most project managers are based on Intuition, judgments and experience to 
manage the risk issues of construction, followed by sensitivity analysis. Fayek through the investigation reached the 
same conclusion [9] .We can see, in risk assessment, Intuition, judgments and experience is the most frequently used 
method. Therefore, using expert survey, get expert assessment of the value of various risk indicators .In general, the 
number of nodes in input layer neurons corresponds to the number of secondary indicators of the risk assessment 
system, 
 Implied layer
There is no better way to determine the number of implied layer neurons nodes, based on experience, number of 
nodes in the implied layer neurons used m=0.5n×1(m for hidden layer nodes, n for the input layer nodes, 1 for 
single output node) obtained.
 output layer
Shown in table 1, 3-layer multi-input single-output BP network structure, input layer is the evaluation vector. 
Output layer only have one neuron, expressing the result of risk evaluation in expressway construction phase. The 
higher the score, indicating that the higher level of risk in expressway construction phase.
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4. Case Study
HT expressway, the project started in December 2009, planned duration of four years, under the jurisdiction of 
35 tenders. Now random sample of 13 sections, please engaged in expressway project management experts and 
scholars and so on composite 5-member expert group. Based on their experience, give the score of expressway
construction phase of the risk factors indicators. Setting the highest points 1and lowest points 0, 0＜x≤0.2, Level 
that is relatively unimportant, 0.2＜x＜0.8 That the more important level, 0.8≤x＜1.Level that is very important. 
Among that x means the value of any index evaluation. After remove the expert evaluation value which deviate too 
much, evaluation of the remaining value of the arithmetic mean, to be comprehensive evaluation.
4.1 Construction of BP neural network
Calling newff Function, establishes the BP artificial neural network which input layer, hidden layer and output 
layer neurons nodes is 14, 7, 1,sets learning accuracy of 10-7and initializes the network weights which shows in 
Table 2.
Table 2 BP artificial neural network sample set
4.2 Network Training
Using Top 10 in Table 3 set of data as a learning sample enter the network and call the function for learning and 
training. Network continues to perform the iterative process, after 169 times training, achieve the learning accuracy; 
get more accurate representation of the non-linear relationships within the complex neural network.
4.3 Network Simulation
Using the last 3 group in Table 1 data as test data input training neural network, called the simulation function to 
get a comprehensive evaluation of the results in Table 4. Calling the sim function simulation, get a 
comprehensive evaluation results in Table 3. Seen from Table 3, obtained by the neural network output value and the 
maximum absolute error between the expected value is 0.0325, the maximum relative error is 7.34%.Comprehensive 
evaluation and expert evaluation of the results are basically the same, indicating that get reflected in the relationship 
between input and output of the neural network is correct. It can be effectively used in expressway construction 
phase risk assessment. If you need to further reduce the error to get a more accurate model, you can re-initialize the 
weights through the network re-training, or using more detailed sample set as training data.
Table3 BP artificial neural network training results
Number Sub-indexes Comprehensive
W11 W12 W21 W22 W23 W31 W32 W33 W41 W42 W43 W44 W51 W52 evaluation
1 0.2 0.4 0.6 0.4 0.9 0.6 0.9 0.4 0.5 0.4 0.6 0.4 0.3 0.4 0.5231
2 0.1 0.2 0.3 0.5 0.7 0.7 0.4 0.4 0.6 0.4 0.4 0.4 0.6 0.4 0.4615
3 0.1 0.4 0.3 0.9 0.5 0.5 0.5 0.4 0.8 0.1 0.6 0.5 0.5 0.4 0.5250
6 0.3 0.4 0.3 0.4 0.6 0.4 0.5 0.4 0.4 0.3 0.4 0.4 0.4 0.6 0.4143
7 0.3 0.6 0.1 0.5 0.5 0.6 0.6 0.5 0.6 0.1 0.5 0.5 0.6 0.6 0.5333
8 0.2 0.6 0.1 0.4 0.7 0.4 0.7 0.6 0.4 0.4 0.4 0.3 0.6 0.4 0.4692
9 0.4 0.6 0.4 0.6 0.6 0.6 0.5 0.6 0.9 0.4 0.4 0.6 0.5 0.5 0.5154
10 0.2 0.2 0.6 0.5 0.8 0.4 0.3 0.5 0.6 0.1 0.6 0.6 0.5 0.3 0.4692
11 0.3 0.3 0.4 0.3 0.6 0.8 0.4 0.3 0.6 0.3 0.4 0.4 0.5 0.6 0.4429
12 0.1 0.4 0.1 0.6 0.8 0.4 0.6 0.4 0.5 0.2 0.6 0.5 0.5 0.6 0.5083
13 0.2 0.4 0.2 0.6 0.6 0.5 0.6 0.5 0.5 0.4 0.6 0.4 0.6 0.5 0.4714
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number Training 
output
desired 
output
absolute 
error
number Training 
output
desired
output
absolute 
error
1 0.5232 0.5231 0.0001 6 0.4143 0.4143 0
2 0.4615 0.4615 0 7 0.5333 0.5333 0
3 0.5249 0.5250 0.0001 8 0.4692 0.4692 0
4 0.4923 0.4923 0 9 0.5155 0.5154 0.0001
5 0.4181 0.4182 0.0001 10 0.4692 0.4692 0
Table 4 BP artificial neural network test results
number Training 
output
desired 
output
absolute 
error
Relative 
error
11 0.4754 0.4429 0.0325 7.34%
12 0.5143 0.5083 0.0060 1.18%
13 0.4750 0.4714 0.0036 0.76%
4.4 Save the trained neural network
Of the remaining sections, hire experts to rate, starting the network, enter the indicators to be evaluation of the 
project evaluation data, thus get comprehensive evaluation of the results. Taking one tender for example, the expert 
scores and it shows in Table 5. Open MATLAB, start to save the neural network, get the bid of the construction 
phase of the comprehensive evaluation of risk is 0.4937, the results show that the bid of the level of risk centered, 
realistic, and that the BP artificial neural network model can be effectively used in expressway construction phase of 
the risk assessment.
Table 5 HT expressway construction phase of a bid of risk evaluation data
5 Conclusions
Because of the objective weighting of the evaluation method based on BP artificial neural network, the 
subjective factors of the engineering risk evaluation process can be effectively reduced, and the 
evaluation of science and objectivity can be ensured. The evaluation index system of expressway construction 
phase risk assessment was built, according to which we using expert survey method to rate the various indicators, 
accessing to evaluation vector, calling the function in MATLAB to model and train, and getting a neural network,
which getting satisfactory results by tested.
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